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DATE: 7/8/68 

ADVISORY 
CIRCULAR 

DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADM INlSTRATlON 

PURPOSE. This c i r cu la r  s e t s  fo r th  an acceptable means by which compliance 
with the  automatic p i l o t  i n s t a l l a t i o n  requirements. of FAR 25.1329 may be 
shown. Included a r e  r e l axa t ion  of the  performance of continued automatic 
approach following engine f a i l u r e  and c a p a b i l i t y  fo r  hardovers (pi tch)  
t o  exceed accelera t ion  l imi t s  of past  p r a c t i c e  i f  s p e c i f i c  conditions 
a r e  met. Due considerat ion w i l l  be given t o  any other means of de ter -  
mining compliance the  applicant  e l e c t s  t o  present .  

CANCELLATION: AC No. 25.1329-1, dated October 1, 1965. 

REGULATIONS AFFECTED. These acceptable means of compliance r e f e r  t o  
c e r t a i n  provisions of the  recodif ied Federal Aviation Regulations (FARs) 
Pa r t  25. They may be used i n  showing compliance with the  corresponding 
provisions of the  former C i v i l  A i r  Regulations (CARS) i n  the  case of 
a i r c r a f t  t o  which those regula t ions  a r e  applicable.  For convenience, 
the  CAR reference  is shown i n  parenthesis,  following the  FAR reference.  

FAR 25.1309 Equipment Systems and I n s t a l l a t i o n s  (4b.606) 
FAR 25.1329 Automatic P i l o t  Systems (4b. 612 (d)) 
FAR 25.1353 E l e c t r i c a l  Equipment and I n s t a l l a t i o n  (4b.625) 
FAR 25.1431 Electronic Equipment (4b.650) 

a .  A three-second delay between a i rp lane  response t o  an automatic 
p i l o t  malfunction and p i l o t  co r rec t ive  a c t i o n  has been considered 
an acceptable value on pas t  type c e r t i f i c a t i o n  programs for  t rans-  
por t  category a i r c r a f t .  The a i rp lane  response has been determined 
by use of an accelerometer or  other instrumentation. I n  normal 
operat ions,  the p i l o t  does not have the  instrumentation ava i l ab le  
by which t o  recognize a i rp lane  response. The f i r s t  indica t ion  a 
p i l o t  has 'o f  a malfunction of the au top i lo t  is  from a deviat ion 
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of the a i r p l a n e  from the intended f l i g h t  path,  abnormal con t ro l  
movements, or a r e l i a b l e  f a i l u r e  warning system. Present  operat ing 
procedures r e q u i r e  t h a t  a t  l e a s t  one p i l o t  monitor the behavior of 
the a i r p l a n e  and associated a u t o p i l o t  performance a t  a l l  times. 
The three-second delay appl ied i n  normal climb, c r u i s e ,  and descent ,  
and the  one-second delay appl ied during low approaches a r e ,  theref  ore,  
reasonable delay times, provided t h a t  p i l o t  recogni t ion  of the  
malfunction i s  the bas i s  of these  time delays.  

b. The a rea  of normal maneuvering f l i g h t  ( tu rn ing  f l i g h t )  has not been 
spec i f i ed  fo r  evaluat ion of t he  e f f e c t s  of au top i lo t  malfunctions. 
Autopi lots  a r e  being used i n  turn ing  f l i g h t .  A one-second delay i s  
considered a reasonable time p r i o r  t o  undertaking co r rec t ive  ac t ion  
provided the p i l o t  recognizes t h a t  a malfunction has occurred. 

c .  The method of measuring a l t i t u d e  l o s s  hue t o  automatic p i l o t  mal- 
funct ion during an ILS (Instrument Landing Sys tern). approach needs 
t o  be c l a r i f i e d .  The method which has been used, t he  v e r t i c a l  
d i s t ance  between the ILS g l i d e  s lope  and the  lowest po in t  i n  the  
recovery maneuver, i s  being r e t a i n e d .  This method, however, is not 
considered s a t  i s  fac tory  when the-  automatic p i l o t  system i n c l u d e  an 
approach coupler and approval is des i red  f o r  ILS coupled approaches. 
For t h i s  reason,  a method w i l l  be def ined by which the  maximum devi- 
a t i o n  of t he  a i rp l ane  from the  ILS f l i g h t  path due t o  t he  e f f e c t s  
of an automatic p i l o t  malfunction can be determined. 

5 .  ACCEPTABLE MEANS OF COMPLIANCE. The following i s  an acceptable  means 
of showing compliance with FAR 25.1329 (CAR 4b. 612 (d)) . 
a .  Malfunction Tes ts .  (See a l s o  Paragraph 5.d.) 

(1) Climb, c ru i se ,  and descent  f l i g h t  regimes. 

(a) The more c r i t i c a l  of t he  following should be induced i n t o  
the  autornatic p i l o t  system. I f  a u t o - t h r o t t l e s  a r e  i n s t a l l e d ,  
they should be operat ing,  and v e r t i c a l  gyro mechanical 
f a i l u r e s  should not  be considered. 

1 A s i g n a l  about any a x i s  equivalent  t o  t h e  cumulative - 
e f f e c t  of any s i n g l e  f a i l u r e ,  including autotr im,  
i f  i n s t a l l e d .  

2 The combined s i g n a l s  about a l l  a f f ec t ed  a x i s ,  i f  - 
mult ip le  a x i s  f a i l u r e s  can r e s u l t  from t h e  malfunction 
of any s i n g l e  component. 
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(b) Correct ive a c t i o n  should not  be i n i t i a t e d  u n t i l  t h r ee  
seconds a f t e r  t h e  p i l o t  has become aware, e i t h e r  through 
the  behavior of the  a i r c r a f t  or  a  r e l i a b l e  f a i l u r e  warning 
system, t h a t  a  malfunction has occurred. The simulated 
f a i l u r e  and t h e  subsequent c o r r e c t i v e  a c t i o n  should not 
c r e a t e  loads i n  excess of s t r u c t u r a l  l i m i t s  or beyond an 
envelope of 0 t o  2g, or speeds beyond VFC/MFC, whichever 
is  appropr ia te  , or r e s u l t  i n  dangerous dynamic condit ions 
or devia t ions  from the  f l i g h t  path. Resul tant  f l i g h t  
loads outs ide  t h e  envelope of 0 t o  2g w i l l  be acceptable  
provided adequate ana lys i s  and f l i g h t  t e s t  measurements 
a r e  conducted t o  e s t a b l i s h  t h a t  no r e s u l t a n t  a i r c r a f t  
load i s  beyond l i m i t  loads f o r  t h e  s t r u c t u r e ,  including a  
c r i t i c a l  assessment and cons idera t ion  of t he  e f f e c t s  of 
s t r u c t u r a l  loading parameter v a r i a t i o n s  ( i . e .  cen ter  of 
grav i ty ,  load d i s t r i b u t i o n ,  c o n t r o l  system v a r i a t i o n s ,  
maneuvering g rad ien t s ,  e t c  .) . Analysis a lone  may be used 
t o  e s t a b l i s h  t h a t  l i m i t  loads a r e  not  'exceeded where the  
a i r c r a f t  loads a r e  i n  the l i n e a r  range of loading ( i . e .  
aerodynamic c o e f f i c i e n t s  f o r  t he  f l i g h t  condi t ion  a r e  
adequately e s t ab l i shed  and no s i g n i f i c a n t  non-l inear  a i r  
loadings e x i s t ) .  I f  s i g n i f i c a n t  non-l inear  e f f e c t s  could 
e x i s t ,  (e.g. b u f f e t  loads) ,  f l i g h t  loads survey masurements 
may be ,necessary  t o  s u b s t a n t i a t e  t h a t  the  l i m i t  loads a r e  
not  exceeded. The power o r  t h r u s t  f o r  climb should be the  
most c r i t i c a l  of (a) t h a t  used i n  t h e  performance climb 
demonstrations, (b) t h a t  used i n  t h e  long i tud ina l  s t a b i l i t y  
t e s t s ,  or (c) t h a t  a c t u a l l y  used f o r  opera t iona l  climb 
speeds. The a l t i t u d e  l o s s  should be measured. 

Maneuvering F l i g h t .  Malfunctions should a l s o  be induced i n t o  
t h e  automatic p i l o t  system s imi l a r  t o  paragraph a . ( l ) .  When 
c o r r e c t i v e  a c t i o n  is  taken one second a f t e r  t h e  r e s u l t  of t h e  
malfunct ion has a l e r t e d  t h e  p i l o t ,  t h e  r e s u l t a n t  loads and 
speeds should no t  exceed the values i n  paragraph a . ( l ) .  Maneu- 
ve r ing  f l i g h t  t e s t s  should include t u r n s  wi th  t h e  malfunction 
induced when maximum bank angles  f o r  normal opera t ion  of t he  
system have been e s t ab l i shed  and i n  t h e  c r i t i c a l  a i r p l a n e  
conf igura t ion  and/or s t ages  of f l i g h t  l i k e l y  t o  be encountered 
when us ing  the  automatic p i l o t .  The a l t i t u d e  l o s s  should be 
measured. 

(3) O s c i l l a t o r y  Tests .  

(a) An i nves t iga t ion  should be made t o  determine the e f f e c t s  
of an o s c i l l a t o r y  s i g n a l  of s u f f i c i e n t  amplitude t o  
s a t u r a t e  t h e  servo  ampl i f ie r  of each device  t h a t  can move 
a  con t ro l  sur face .  The inves t iga t ion  should cover t he  
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range of frequencies which can be induced by a  malfunction 
of t he  automatic p i l o t  system and systems func t iona l ly  
connected t o  i t ,  including an  open c i r c u i t  i n  a  feedback 
loop. The inves t iga ted  frequency range should include the  
h ighes t  frequency which r e s u l t s  i n  apparent movement of 
t h e  system d r iv ing  t h e  con t ro l  su r f ace  t o  the  lowest e l a s -  
t i c  o r  r i g i d  body response frequency of the a i r c r a f t .  
kequenc ie s  l e s s  than 0.2 cps may, however, be excluded 
from considerat ion.  The inves t iga t ion  should a l s o  cover . 
t he  normal speed and conf igura t ion  ranges of the  a i rp lane .  
The r e s u l t s  of t h i s  i nves t iga t ion  should show t h a t  t he  
peak loads imposed on the  p a r t s  of t h e  a i r c r a f t  by the  
appl ica t ion  of t he  o s c i l l a t o r y  s i g n a l  a r e  wi th in  the  l i m i t  
loads fo r  these  p a r t s .  

The inves t iga t ion  may be accomplished l a rge ly  through 
ana lys i s  with s u f f i c i e n t  f l i g h t  d a t a  t o  v e r i f y  the  ana ly t i -  
c a l  s tud ie s  or l a rge ly  through f l i g h t  t e s t s  with a n a l y t i c a l  
s tud ie s  extending the  f l i g h t  d a t a  t o  t he  condit ions which 
impose the h ighes t  percentage of l i m i t  load t o  t h e  par t s .  

When f l i g h t  tests a r e  conducted i n  which the  s i g n a l  f r e -  
quency i s  continuously swept through a  range, t he  r a t e  of 
frequency change should be slow enough t o  permit de te r -  
mining the  amplitude of response of any p a r t  under steady 
frequency o s c i l l a t i o n  a t  any c r i t i c a l  frequency wi th in  
t h e  t e s t  range. 

b. Recovery of F l i ~ h t  Control. Recovery should be demonstrated e i t h e r  
by overpowering or  by manual u se  of an emergency quick disconnect 
device a f t e r  t he  appropr ia te  delay.  The p i l o t  should be a b l e  t o  
r e t u r n  t h e  a i rp l ane  t o  i t s  normal f l i g h t  a t t i t u d e  under f u l l  manual 
con t ro l  without  exceeding the  loads o r  speed limits defined i n  t h i s  
paragraph and without engaging i n  any dangerous maneuvers during 
recovery. I f ,  f o r  a i rp l anes  whose c e r t i f i c a t i o n  b a s i s  i s  p r i o r  t o  
August 12, 1957, an emergency quick disconnect  but ton is  not  i n s t a l l e d  
on t h e  c o n t r o l  wheel, it should be poss ib l e  t o  overpower servo forces  
p lus  r e s u l t a n t  a i r l oads  i n  a l l  conf igura t ions  and a t t i t u d e s  of f l i g h t  
demonstrated, including maximum speed f o r  which approval is  sought 
and without  exceeding t h e  following t r a n s i e n t  con t ro l  forces  measured 
a t  t h e  p i w a s  con t ro l s ;  p i t c h  50 pounds; r o l l  30 pounds ( force  
appl ied a t  rim); yaw 150 pounds. The maximum servo  forces  used fo r  
these  t e s t s  should not  exceed those  values shown t o  be wi th in  the  
s t r u c t u r a l  l i m i t s  f o r  which the  a i r p l a n e  was designed. The maximum 
a l t i t u d e  l o s s  experienced during these  tests should be measured. 
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c. Performance of Function. The automatic p i l o t  system should be dem- 
ons t ra ted  t o  perform i t s  intended function throughout a l l  appropriate 
maneuvers and environmental conditions, including turbulence, unless 
an appropriate operating l imi ta t ion  or  informational statement is 
included i n  the  a i rp lane  f l i g h t  manual. A l l  such maneuvers should be 
accomplished smoothly and without subjec t ing  the  a i rp lane  t o  loads 
g rea te r  than those described i n  paragraph a.  (1) of t h i s  sect ion.  

d .  Automatic P i l o t  Instrument Approach Approval. 

(1) Throughout an approach, no s i g n a l  or  combination of s igna l s  
simulating the  cumulative e f f e c t  of any s ing le  f a i l u r e  or mal- 
function i n  the  automatic p i l o t  system, except v e r t i c a l  gyro 
mechanical f a i l u r e s ,  should provide hazardous deviat ions from 
f l i g h t  path or  any degree of l o s s  of cont ro l  i f  correc t ive  
ac t ion  i s  i n i t i a t e d  one second a f t e r  the  p i l o t  has become 
a l e r t e d  t o  the  malfunction. 

The a i r c r a f t  should be flown down the  ILS..in the  configurat ion 
and a t  the approach speed speci f ied  by the  applicant  f o r  approach. 
Simulated au top i lo t  malfunctions should be induced a t  c r i t i c a l  
points  along the  ILS, taking i n t o  considerat ion a l l  possible 
va r i a t ions  i n  au top i lo t  s e n s i t i v i t y  and author i ty .  The mal- 
functions should be induced i n  each axis .  While the  p i l o t  may 
know the  purpose of the  f l i g h t ,  he should not be informed when 
a malfunction is  t o  be or has been applied except through a i r -  
plane ac t ion ,  cont ro l  movement, or o ther  acceptable warning 
devices. 

(3) An engine f a i l u r e  during an automatic ILS approach should not 
cause a l a t e r a l  deviat ion of the  a i rp lane  from the  f l i g h t  path 
a t  a r a t e  g rea te r  than three  degrees per second or produce 
hazardous a t t i t u d e s .  

(4)  I f  approval i s  sought fo r  ILS approaches i n i t i a t e d  with one- 
engine inoperat ive,  the  automatic p&lot should be capable of 
conducting the  approach. The devia t ion  from the  ILS course 
following the  f a i l u r e  of a second c r i t i c a l  engine should not be 
g rea te r  than three  degrees per second. 

(5) Either  of the  following methods is  acceptable for  uncoupled 
ILS approaches. I f  approval is being sought fo r  coupled ILS 
approaches, however, method (b) should be used. 

(a) Al t i tude  Loss Method. Recoveries should be i n i t i a t e d  one 
second a f t e r  the  p i l o t  recognizes the  f a i l u r e .  The a l t i -  
tude l o s s  s h a l l  be measured as  the  v e r t i c a l  d is tance  between 
the  g l i d e  slope path and the  lowest point  i n  the  recovery 
maneuver. 

Par.  5 



Page 6 

(b) Deviation P r o f i l e  Method. 

1 The a i rp l ane  should be so instrumented t h a t  t h e  following - 
information i s  recorded: (a) t h e  path of t h e  a i rp l ane  
with respec t  t o  the  normal g l i d e  path;  (b) t h e  poin t  
along the  g l i d e  path when the  simulated malfunction i s  
induced; (c) po in t  where the  p i l o t  i nd ica t e s  recogni t ion  
of the  malfunction; and (d) t he  po in t  along the  path of 
t h e  a i rp l ane  where recovery a c t i o n  i s  i n i t i a t e d .  Data 
obtained from the  point  of t he  ind ica ted  malfunction t o  
t he  point  where the  a i rp l ane  has e i t h e r  aga in  i n t e r -  
sected the g l i d e  s lope  or  is  i n  l e v e l  f l i g h t  w i l l  def ine  
the  devia t ion  p r o f i l e .  When changes t o  t he  a i r p l a n e l  
au top i lo t  conf igura t ion  a r e  made during the  approach and 
these  changes a l t e r  the  devia t ion  p r o f i l e ,  add i t i ona l  
da t a  should be obtained t o  de f ine  each of t he  appl icable  
devia t ion  p r o f i l e s .  An example of a dev ia t ion  p r o f i l e  
may be found i n  Appendix I. 

2 Recoveries from malfunctions should s imulate  under-the- - 
hood instrument condit ions wi th  a one-second time delay 

' 

between p i l o t  recogni t ion  of t h e  f a u l t  and i n i t i a t i o n  
of t he  recovery a t  a l l  a l t i t u d e s  down t o  80 percent  of 
t he  minimum dec i s ion  a l t i t u d e  f o r  which the  app l i can t  
reques ts  approval. 

3 Recoveries from malfunctions a t  a l t i t u d e s  between 80 - 
percent  of the  minimum dec is ion  a l t i t u d e  fo r  which t h e  
appl icant  reques ts  approval and t h e  minimum a l t i t u d e  
f o r  which the  appl icant  r eques t s  approval t o  opera te  
t h e  au top i lo t  may be v i s u a l  wi th  no time delay between 
p i l o t  recogni t ion  of f a u l t  and i n i t i a t i o n  of recovery. 

4 The minimum a l t i t u d e  a t  which the  a u t o p i l o t  may be used - 
should .be  determined a s  t he  a l t i t u d e  which r e s u l t s  i n  
t h e  c r i t i c a l  dev ia t ion  p r o f i l e  becoming tangent  with a 
minimum opera t iona l  to le rance  l i n e .  An example of t h i s  
may be found i n  Appendix 2. The 29:l s lope  of t he  
minimum opera t iona l  to le rance  l i n e  provides a one per- 
c e n t  grad ien t  f a c t o r  of s a f e t y  over t he  50:l obs t ac l e  
clearance l i n e .  An add i t i ona l  f a c t o r  of s a f e t y  i s  
provided by measuring the  29:l  s l o p e  from t h e  ho r i zon ta l  
a t  a po in t  15 f e e t  above t h e  runway threshold.  It is 
recognized t h a t  t h i s  minimum a l t i t u d e  w i l l  vary with 
g l i d e  s lope  angle.  Information regard ing  these  var  i- 
a t i o n s  should be obtained and presented.  
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( 6 )  A malfunction of t he  a u t o p i l o t  during a coupled ILS approach 
should not  p l ace  the  a i rp l ane  i n  an a t t i t u d e  which would pre- 
c lude  conducting a s a t i s f a c t o r y  go-around, o r  landing. 

e .  Servo S t a l l  Forces. The automatic p i l o t  system should be so  i n s t a l l e d  
and ad jus ted  t h a t  the  system to le rances  es tab l i shed  during c e r t i f i -  
c a t i o n  t e s t s  can be maintained i n  normal operat ion.  This may be 
assured by conducting f l i g h t  t e s t s  a t  t h e  extremes of the  tolerances.  
Those t e s t s  conducted t o  determine t h s t  the automatic p i l o t  system 
w i l l  adequately con t ro l  t h e  a i r c r a f t  should e s t a b l i s h  t h e  lower l i m i t ;  
and those t e s t s  t o  determine t h a t  t he  automatic p i l o t  w i l l  not impose 
dangerous loads or  dev ia t ion  from the  f l i g h t  path should be conducted 
a t  t h e  upper l i m i t .  Appropriate a i r c r a f t  loadings t o  produce the  
c r i t i c a l  r e s u l t s  should be used. 

f .  Airplane F l igh t  Manual Information. The following information should 
be placed i n  t he  a i r p l a n e  f l i g h t  manual: 

(1) I n  t he  Operating Limitat ions Sect ion:  - airspeed and other  
app l i cab le  opera t ing  l i m i t a t i o n s  f o r  use of the  au top i lo t .  

(2) I n  t he  Operating Procedures Sec t ion ,  t he  normal opera t ion  
i n  format ion. 

(3) I n  t h e  Emergency Operation Procedures Section: 

A statement of t he  a l t i t u d e  l o s s  i n  t he  c r u i s e ,  climb and 
descent conf igura t ions  and t h e  maneuvering f l i g h t  configur- 
a t i o n  i n  accordance wi th  paragraphs 5 . a . ( l )  and 5.a . (2)  
of t h i s  advisory c i r c u l a r .  

A statement of t h e  a l t i t u d e  l o s s ,  a s  defined i n  paragraph 
5d (5) (a ) ,  i f  appl icable .  

R u e  p r o f i l e s  of devia t ions  below the  g l i d e  s lope  o r  projec-  
ted  f l a r e  path fo r  the  c r i t i c a l  condi t ions  t e s t e d  i n  accord- 
ance with paragraphs 5d. (5) (b) , (See Appendix 1 )  and t h e  
dev ia t ion  p r o f i l e  i nd ica t ing  the  lowest a l t i t u d e  a t  which 
t h e  a u t o p i l o t  can be used, a s  def ined i n  paragraph 
5d (5) (b)k, i f  appl icable .  

4 

F l i g h t  Standards Serv ice  

Par .  5 





Appendix 1 
Page 1 





Critical Fault Point, 
nhimm Bight tor 
.gp.ratiou of Autopilot 

15 f t .  ' . 
R u ~ w ~ ' J  

EjUW'LB OPERATING LLlaTATXOM APPERDZX 2 




